Abstract. Identification of retrovirus integration sites is a powerful method to identify cancer-related genes. This approach led to the discovery of the Friend murine leukemia virus (F-MuLV) integration site-1 ( fli-1). Viral insertion at the fli-1 locus induces erythroleukemia in susceptible strains of mice. Our recent data demonstrated that, F-MuLV-infected SCID mice, in contrast to wt CB17 controls, developed a non-erythroleukemic leukemia without viral integration at the fli-1 locus. Using ligation-mediated polymerase chain reaction (LM-PCR) approach we identified a total of 15 viral integration sites in F-MuLV-infected SCID mice. One of the identified insertion sites was located about 62 kb upstream of the myeloblastosis (myb) gene. While integration within or surrounding the myb gene has been reported before for murine leukemia viruses, the location of the viral integration site identified in F-MuLV-infected SCID mice is novel and has never been reported. Using PCR analysis we showed that viral integration at the myb locus occurs with a frequency of 35% and therefore is considered as a common integration site. Integration of F-MuLV in this locus resulted in upregulation of the MYB protein. Flow cytometry analysis and methylcellulose culture of leukemic cells isolated from tumors with viral integration close to the myb indicated tumors of myeloid origin. Our findings indicate that, in contrast to wt CB17 mice, F-MuLV-infected SCID mice display viral integration within myeloid specific gene loci that result in the development of myelogenous leukemia.
Introduction
Retroviruses induce cancers by integrating into the genome and altering the expression of interrupted genes and/or genes flanking the insertion sites that have oncogenic or tumor suppressor ability. In the past, cloning of the viral integration site has resulted in the identification of many cancer genes associated with proliferation, differentiation and apoptosis (1) .
Friend murine leukemia virus (F-MuLV)-induced erythroleukemia has been used as an excellent model to identify and characterize genetic events involved in the induction and progression of erythroleukemia. The initial induction of erythroleukemias induced by F-MuLV is due to the insertional activation of the Ets transcription factor Fli-1. Activation of Fli-1 in erythroblasts blocks differentiation and promotes proliferation in response to erythropoietin (Epo) stimulation (2) . Progression to the advanced stage of the disease was shown to be associated with the insertional inactivation of either tumor suppressor genes p53 (3) or P45 NFE2 (4) . In a recent study, our group has also identified the activation of the microRNA cluster miR-17-92 in a subset of erythroleukemias induced by F-MuLV in p53-deficient mice (5) .
In addition to these genetic events, our previous study revealed the importance of the tumor microenvironment in the progression of F-MuLV-induced erythroleukemias (6) . Since F-MuLV induces erythroleukemia only in newborn mice, the presence of a weaker immune system may explain leukemia development in these mice as opposed to adult mice. To further explore the role of immune cells in the progression of F-MuLV-induced erythroleukemias, the immunodeficient SCID mice were inoculated with this virus and disease progression was monitored. In this study we have shown that SCID mice infected with F-MuLV develop leukemia with a lower frequency when compared to the control CB17 mice. Interestingly, F-MuLV-infected SCID mice developed myelogenous leukemia, but not erythroleukemia. We have shown that SCID mice, when compared to wt CB17 controls exhibit an altered proviral integration pattern resulting in the activation of genes associated with myelogenous leukemia.
Materials and methods

F-MuLV production.
To harvest F-MuLV, mouse NIH-3T3 cells that contain F-MuLV genome (known as clone 57 cells) (7) were cultured in Dulbecco's Modified Eagle's Medium (Invitrogen, Burlington, ON, Canada) supplemented with fetal bovine serum (FBS) (Invitrogen) to the final concentration of 10%, penicillin/streptomycin (Invitrogen) to the final concentration of 100 IU/ml for penicillin and 100 g/ml for streptomycin, and 2-mercaptoethanol (Sigma, Oakville, ON, Canada) to the final concentrations of 0.2 mM. After cells reached confluence, the culture supernatant was transferred to a 50 ml conical tube (Sarstedt, Montreal, QC, Canada) on ice and centrifuged at 3,900 x g at 4˚C for 30 min. The supernatant was then transferred into a glass beaker on ice, sonicated (Branson sonifier, Model 250) for 10 pulses, with output control adjusted at 2.5 and duty cycle on constant position. The sonicated supernatant was then filter sterilized through a 0.22 µm filter (Millipore, Billerica, MT, USA), mixed by pipetting up and down, and aliquoted in 1 ml volume in polypropylene tubes (Becton-Dickinson, Franklin Lakes, NJ, USA). After standing for 15 min on ice the aliquots were stored at -80˚C.
Tumor induction. Newborn mice, 1-2 days-old, were inoculated, intraperitoneally with 100 µl of the clone 57 cells supernatant containing F-MuLV (equal to 500 focal forming units) via a 1-cc U-100 insulin syringe (Becton-Dickinson). Animal studies and procedures were according to the Sunnybrook Health Sciences Centre animal care committee.
Cell line generation.
Spleens from F-MuLV-infected SCID mice were excised and placed in sterile 1X phosphate-buffered saline (PBS), followed by mechanical homogenization using a mortar and pestle and 2 washes in PBS. Cells were cultured in α-Minimal Essential Medium (Invitrogen), supplemented with 20% FBS (Invitrogen), 10 ng/ml interleukin (IL)-3 (Invitrogen), 10 ng/ml stem cell factor (R&D Systems, Minneapolis, MN, USA) and 1 U/ml erythropoietin (Boehringer Mannheim, Montreal, QC, Canada). Cells were then allowed to expand for 3-4 days until adherent and suspension cells were easily discernible. At this time, 50% of the media was exchanged with fresh media every 3 days. After 3-5 such cycles cell lines were established, as indicated by their proliferation rate in the culture.
DNA isolation. DNA extraction from F-MuLV-inoculated or non-inoculated SCID and CB17 mice was performed as follows: splenic tissue (100-200 mg) was placed into 10 ml of DNA extraction buffer [Tris, pH 7.8 (0.05 M), EDTA (0.02 M), NaCl (0.15 M)] and cells were dissociated by the plunger of a 2 ml syringe followed by pipetting up and down using a 21 gauge needle. The solution was then filtered through a 40 µm cell strainer (Becton-Dickinson). Sodium dodecyl sulfate (Sigma) and proteinase K (Invitrogen) were added to final concentrations of 1% and 50 g/ml, respectively and the solution was incubated at 56˚C for 4 h. Phenol (BioShop, Burlington, ON, Canada), pre-warmed to 65˚C, was added and mixed by inverting several times. The tube was centrifuged, the upper aqueous phase was transferred to a fresh tube and an equal volume of phenol:chloroform:isoamyl alcohol (Fisher Scientific, Nepean, ON, Canada) (25:24:1) was added. The solution was mixed by inversion and then centrifuged. The upper phase was isolated a second time and an equal volume of chloroform:isoamyl alcohol (24:1) was added. The solution was mixed by inversion and then centrifuged. The upper phase was transferred to a fresh tube on ice and ethanol (pre-cooled to -20˚C) was slowly added up to a total volume of 50 ml. DNA precipitate was transferred to 10 mM Tris, pH 8.0 for future use. All centrifugations were performed at 2,800 x g for 15 min.
Histology. Spleen tissues were fixed in 10% neutral buffered formalin (Sigma) for 24 h. The tissues were then cut into sections with thickness of 5 µm and stained with hematoxylin and eosin. Dr Geoffrey A. Wood at the University of Guelph performed histopathology examination of the tissues.
Flow cytometry. Cell surface marker profile of spleens of the F-MuLV-infected mice was determined by flow cytometry analysis. Spleen cells were washed in PBS and resuspended in FACS staining buffer (Hanks' balanced salt solution containing 0.1% sodium azide and 1% bovine serum albumin). Ten million cells of each sample were incubated (4˚C; 10 min) with anti-CD16/CD32 antibody to block non-specific binding. Cells were then incubated with CD19, CD3, B220, Gr1, CD11b, TER119, CD71, cKit, Sca1 or CD34 primary antibodies (4˚C; 30 min) and washed twice in FACS staining buffer. Equal to ten thousand events were collected using a FACSCalibur flow cytometer (Becton-Dickinson) and analyzed with FlowJo software (Tree Star, San Carlos, CA, USA). All antibodies were purchased from eBiosciences (San Diego, CA, USA).
Southern blot analysis. DNA samples (10 µg) from spleens of F-MuLV-infected mice were digested with BamHI enzyme (New England Biolabs, Ipswich, MA, USA). The digested samples were run on a 0.7% agarose gel at 33 volts for 30 h. The DNA samples were transferred to a zeta-probe membrane (Bio-Rad, Hercules, CA, USA) using 0.4 M NaOH solution and then transferred to a UV cross-linker (UV Stratalinker, Stratagene, Santa Clara, CA, USA) to cross-link DNA to the membrane. The membrane was then hybridized with P32-labeled B2 probe (8) and detected on a radiographic film.
Ligation-mediated polymerase chain reaction (LM-PCR).
GenomeWalker Universal Kit (Clontech Laboratories, Mountain View, CA, USA) was used to amplify F-MuLV-host DNA junction fragments. Genomic DNA (25 μg) was digested by DraI, EcoRV, PvuII, or StuI restriction enzymes. The digested DNA was extracted by phenol/chloroform and resuspended in TE (10/0.1, pH 7.5). The following reagents were added to the digested, purified DNA: GenomeWalker adaptor (6 µM), ligation buffer (2X) and T4 DNA ligase (3 units). The reaction mixture was incubated at 16˚C overnight. Gene specific primer 1 (GSP1) and adaptor primer 1 (AP1) were used for primary PCR to amplify F-MuLV-host DNA junction fragment(s). The primer sequences were as follows: GSP1 (AAGGACCTGAAATGACCCTGTGCCTTA), AP1 (GTAATACGACTCACTATAGGGC). For secondary (nested) PCR, 1/50 dilution of the primary PCR product was used as template and the sequences of the primers, GSP2 and AP2, were as follows: GSP2 (TAAAAGAGCTCACAACCCCT CACTCGG), AP2 (ACTATAGGGCACGCGTGGT). Secondary PCR products were run on an agarose gel and DNA bands extracted using Quick Gel DNA Extraction kit (Invitrogen) and cloned (PCR cloning kit; Qiagen, Mississauga, ON, Canada). The purified cloned DNA samples were sequenced, at the Center for Applied Genomics (Toronto, ON, Canada), using GSP2 or AP2 primers. The homology of each sequence with mouse genome databank was determined in the Ensembl database, using the BLAT (Basic Local Alignment Search Tool-like Alignment Tool) software.
Western blot analysis. Expression of Myb in spleens of the SCID mice with viral integration at the myb locus was determined by western blot analysis. Spleen (~0.5 cm 2 ) was lysed in 1 ml of Radio Immuno Precipitation Assay buffer [Tris, pH 8.0 (50 mM), NaCl (50 mM), NP-40 (1%), sodium deoxycholate (0.5%), SDS (0.1%)] supplemented with aprotinin (2 µg/ml), leupeptin (5 µg/ml), PMSF (1 mM), EDTA (5 mM), EGTA (1 mM), NaF (5 mM) and Na 3 VO 4 (1 mM). Protein sample (20 µg) was electrophoresed on SDS gel. Proteins were then transferred onto an Immobilon-P membrane (Millipore, Bedford, MA, USA), blocked in 5% milk and incubated with anti-Myb antibody (Millipore) and then HRP-conjugated anti-mouse IgG (Promega, Madison, WI, USA). Enhanced chemiluminescence kit (GE Healthcare) was used to detect proteins.
Colony formation assay. The hematopoietic phenotypes of the spleen cells of F-MuLV-infected SCID mice were analyzed using methylcellulose-based colony assays. Colony assays were performed using methylcellulose MethoCult ® -03434; Stem Cell Technologies, Vancouver, BC, Canada) presupplemented with 100 ng/ml murine IL-3, 200 ng/ml murine KL, 2 U/ml human EPO and 0.2 mmol/l hemin3'. Splenocytes were isolated, and pooled within each test group. Cells (1x10 5 ) were plated in triplicate wells at 1 ml/well in 35 mm dishes (Costar, Cambridge, MA, USA). Plates were incubated at 37˚C in a humidified atmosphere containing 6.5% CO 2 in air. After 7 days, cells (2x10 4 per slide) from plucked colonies were cytospun onto glass slides (1,000 rpm; 15 min), fixed in methanol (room temperature; 5 min) and air-dried. Fixed cells were stained with May-Grunwald/Giemsa according to the manufacturer's protocol (Sigma).
Statistical analysis. Statistical analyses were performed using the two-tailed Student's t-test or ANOVA with significance considered at p<0.05 using Origin 3.5 software (Microcal Software, Northampton, MA, USA). Values are reported as mean ± standard error (SE).
Results
F-MuLV-inoculated immunodeficient mice display enhanced survival.
To test whether the F-MuLV-induced leukemogenesis is altered in immunodeficient mice, newborn SCID (n=10) and SCID/beige (n=8) mice were injected, intraperitoneally (i.p.), with F-MuLV and monitored for signs of disease progression such as paleness, hunched posture, enlarged abdomen and difficulty in breathing. F-MuLV-injected CB17 (n=6) and BALB/C (n=6) mice, which are susceptible to F-MuLV-induced erythroleukemia, were used as immunocompetent wt controls. At 90 days post-injection (dpi) the percentage survival of SCID, SCID/beige, CB17 and BALB/c mice were 90, 87, 0 and 0%, respectively (Fig. 1) , indicating enhanced survival in F-MuLV-inoculated immunodeficient SCID and SCID/beige mice. However, after 5 months of postinfection, 50% of SCID and SCID/beige mice developed leukemia.
Detection of F-MuLV envelope protein on the spleen cells of SCID mice indicated viral integration.
The F-MuLV envelope glycoprotein 70 (gp70) is expressed on the surface of virus-infected cells and therefore can be used as a marker of viral infection. A focal immunoassay was employed for detection of gp70 expression on splenocytes isolated from F-MuLV-infected SCID mice. Cells were incubated with anti-FMuLV gp70 and horseradish peroxidase (HRP)-conjugated anti-mouse IgG. Viral foci representing gp70 expression appeared as brown spots. Fig. 2 displays representative photographs, confirming the presence of brown foci on splenocytes from F-MuLV-infected SCID mice and the absence in uninfected mice. While these data shows that both SCID and CB17 infected mice were infected by F-MuLV, the intensity of infection is much higher in CB17 than SCID infected mice as shown in Fig. 2 and other examined leukemias (data not shown).
F-MuLV-infected SCID mice develop leukemia.
To determine if in F-MuLV-infected SCID mice leukemic cells develop and accumulate in the spleen, histology sections of a normal and an enlarged spleen were stained with hematoxylin and eosin (H&E). The same was done for virus-infected, immunocompetent CB17 mice, which served as controls. The results showed presence of leukemic cells in spleens of both F-MuLV-infected SCID and CB17 mice (Fig. 2B) .
F-MuLV-infected SCID mice do not display fli-1 rearrangement. Integration of the provirus at the fli-1 locus occurs in the majority of F-MuLV-induced erythroleukemias and is the pivotal genetic event in this disease (9) . In order to determine if leukemic F-MuLV-infected SCID mice exhibit proviral insertion within the fli-1 locus, splenic DNA isolated from SCID and CB17 control mice was digested with BamH1 and hybridized to a fli-1 specific probe. DNA isolated from the F-MuLV-induced erythroleukemia cell line, CB3, which harbours viral integration within the fli-1 locus was used as a positive control. Southern blot analysis revealed that while fli-1 rearrangement can be detected in all F-MuLV-infected CB17 mice and the erythroleukemia cell line CB3, it is absent in F-MuLV-infected Figure 1 . Survival of F-MuLV-infected mice. Newborn SCID (n=10), SCID/beige (n=8), CB17 (n=6) and BALB/c (n=6) mice were inoculated with a lethal dose of F-MuLV and monitored for disease progression. At 90 dpi the survival percentage for these mice were 90, 87, 0 and 0%, respectively. SCID leukemias (Fig. 3) . Our group has previously identified additional F-MuLV integration sites, within the fli-2 (p45/NFE2) (4) and fli-3 (miR-17-92) loci (5) . Therefore, we similarly performed additional southern blot experiments, and confirmed the absence of F-MuLV integration within these sites as well (data not shown). Together these data confirm that in spite of the development of leukemia, F-MuLV-infected SCID mice do not display viral insertion within any previously identified F-MuLV common integration sites.
Ligation-mediated PCR revealed novel F-MuLV integration sites in SCID mice.
The induction of leukemia and the absence of any previously known F-MuLV insertion sites led us to hypothesize that a novel integration site was responsible for F-MuLV-induced leukemia in SCID mice. Ligation-mediated PCR approach was employed to identify viral integration sites in F-MuLV-inoculated SCID mice. DNA samples of SCID leukemic cells were digested and adaptor sequences of approximately 50 base pairs were ligated at either end of the digested fragments. Primary and nested PCR were performed using primers specific for F-MuLV and the adaptors to amplify virus-host DNA junction fragments. These amplified fragments were sequenced and homology to sequences within the mouse genome was determined in the Ensembl database. Using this approach a total of 15 insertion sites were identified in several independently-derived SCID leukemias with 7 of them located within protein coding genes (Table I) .
F-MuLV integration within the myb locus occurred with a frequency of 35%.
In one F-MuLV-infected SCID mouse viral integration was located at approximately 62 kb upstream of the myb gene (Table I, Fig. 4A ). This integration site was different from other proviral integration sites within the myb gene (Fig. 4A) . To determine the frequency of virus integration at this site, PCR was performed to amplify virus-host DNA junction fragments in F-MuLV-infected SCID mice (n=20). These PCR amplified DNA were isolated and subjected to sequencing to demonstrate their sequence identity. Amplification in 7 out of 20 DNA samples (Fig. 4B ) indicated a frequency of 35%, which suggested that F-MuLV integration at the myb locus is a common event in virus-inoculated leukemic SCID mice. DNA samples from the spleens of F-MuLV-infected mice were digested and adaptor sequences of ~50 base pairs were ligated at either end of the digested fragments. Virus-host DNA junction fragments were amplified by PCR and sequenced. These isolated sequences were analyzed for homology within the mouse genome using the Ensembl database. A total of 15 insertion sites were identified, 7 of which were determined to interrupt the indicated genes. The terms 'upstream' and 'downstream' refer to the positions relative to chromosome direction, not F-MuLV DNA. All coordinates are numbered according to build NCBI/37/mm9 assembly. similarly results in the upregulation of the Myb protein, we performed western blot analysis to detect the expression levels of Myb in spleen cells of F-MuLV-infected SCID mice. As shown in Fig. 5 leukemic SCID mice displayed elevated Myb expression irrespective of the myb rearrangement. However, samples with viral integration at the myb locus, compared to those negative for this integration, displayed higher Myb expression. The F-MuLV-induced erythroleukemic CB3 and CB7 cell lines, which harbour viral integration at the fli-1 locus, displayed weaker expression of Myb, when compared to spleen cells from leukemic SCID mice. Jurkat cells, which are known to express high levels of the Myb protein, were used as positive control.
Myb is overexpressed in F-MuLV-inoculated SCID mice with viral integration at the myb locus. Integration of F-
F-MuLV-infected SCID mice with viral integration at the myb locus develop myeloid leukemia.
It has been well documented that Myb overexpression is associated with the progression of myeloid leukemias. To characterize the hematopoietic phenotype of tumors induced by F-MuLV in SCID mice, spleen cells from these mice were cultured on methylcellulose (see Materials and methods) and after 7 days colonies were plucked, stained with May-Grunwald/Giemsa and observed under a microscope. Compared to spleen cells from non-infected mice, the majority of F-MuLV-infected SCID spleen cells revealed the morphology of mature and immature macrophages, monocytes and neutrophils (Fig. 6) . Flow cytometry analysis of these cells demonstrated that they were 75 and 90%, respectively, positive for myeloid markers CD11b and CD71 (Table II) . These cells were nearly negative for expression of CD19, CD3, TER119 and Sca1 cell surface markers. These results indicate that F-MuLV-induced leukemia in SCID mice is of myeloid origin and are consistent with the well-known role of myb in the development of myelogenous leukemia (10) .
Discussion
Integration of F-MuLV at the fli-1 locus has been shown to be the pivotal genetic event for erythroleukemogenesis in mice (9) . In the current study we have shown that F-MuLV infection of mice with the scid mutation results in the development of myeloid leukemia, not erythroleukemia. This led us to the discovery of a novel F-MuLV integration site at the myb locus, which we termed fli-4. These results suggest that the scid mutation results in alteration of the common viral integration site resulting in transformation of the myeloid lineage. The polycythemic strain of Friend virus (FV-P), a member of murine leukemia virus family, induces leukemia in susceptible strains of mice as a result of integration at the spleen focus forming virus integration-1 (spi-1/PU.1) locus (11) . In SCID mice, however, in spite of the viral integration into the host genome none of the FV-P-inoculated mice exhibited viral insertion at the spi-1/PU.1 locus and they were resistant to the development of virus-induced leukemia (12) . This is consistent with our study that mice with the scid mutation were resistant to F-MuLV-induced erythroleukemia and virus integration at the fli-1 locus did not occur in these mice. SCID mice lack DNA-dependent protein kinase (DNA-PK), an enzyme that facilitates stable integration of retrovirus into the host genome (13) . It is therefore possible that the resistance to leukemogenesis in the F-MuLV-infected mice (our study) and the FV-infected mice (12) is due to lower levels of overall random viral integration and consequently lower probability of specific integration at the fli-1 or Spi-1 loci. In agreement with these results and the hypothesis that DNA-PK is required for viral integration, Daniel et al showed that mouse SCID cells infected with retroviruses exhibited a substantial reduction in retroviral integration into host DNA as compared with control cells (14) . Moreover, other studies have suggested that DNA repair deficient cells can lose integrated foreign DNA as they proliferate (15, 16) .
In the current study we observed that although F-MuLV-inoculated SCID mice develop disease, as indicated by hepatosplenomegaly and emergence of leukemic blasts in the spleen, they do not exhibit F-MuLV integration at the fli-1 locus. This suggests involvement of genes other than fli-1 in induction of this malignancy. One of the viral integration sites that frequently identified in the SCID-derived tumors was about 62 kb upstream of the myb gene. This F-MuLV viral integration occurs in a region of the myb locus that has not been previously identified in any mouse retrovirus-induced leukemia. The high frequency of proviral integration in this site (35%) suggests it may play an important role in the development of leukemia in SCID mice.
A previous study has demonstrated that F-MuLV integration at 90 kb upstream of evi1 activated myb expression (17) and also Moloney murine leukemia virus integration approximately 30 or 270 kb downstream of the myc gene activated Myc protein expression (18) . We determined expression of Myb protein in spleen cells of the F-MuLV-infected mice with or without integration upstream of the myb. Both groups of mice (positive or negative for myb integration) displayed overexpression of Myb, but higher expression was detected in leukemias that acquired insertional activation of this locus. In agreement with our results, in many studies that showed viral integration at or close to the myb locus, expression of the Myb protein was detected in both groups of mice with or without integration of virus (18) (19) (20) (21) . It is therefore possible that direct or indirect activation of myb occurs in all these leukemias through various mechanisms. Our results therefore suggest that in SCID mice a shift in the site of proviral integration is likely the cause of switch in leukenogenesis from erythroleukemia to myelogenous leukemia.
In the current study, in addition to the myb gene, we identified 14 other proviral insertion sites, with 7 of them interrupting a gene (Table I) . Some of the genes flanking viral insertion sites have been previously associated with leukemogenesis. For instance, PR domain containing 16 (prdm16), one of the genes interrupted by F-MuLV, has been associated with myeloid leukemia. High expression of prdm16 has been reported in AML-associated translocations t(1;3)(p36;q21) and t(1;21) (p36;q15) as a consequence of its juxtaposition to the enhancer element of Ribophorin 1 at 3q21 (22, 23) or to its fusion with AML1 at 21q15 (24) . The PRDM16 locus encodes two proteins: full length and short form (sPRDM16) (25) . The short form, which initiates from a start codon within exon 4 of prdm16, has the potential to be oncogenic in humans and mice (26, 27) . We determined F-MuLV insertion site at position 153,956,624 of chromosome 4 (Table I) , which locates at intron 1 of prdm16 and could lead to overexpression of the oncogenic sPRDM16.
Another example of an identified F-MuLV integration site with potential association with leukemogenesis, is viral insertion at position 51,537,815 on chromosome 17 (Table I ). The closest downstream gene to this insertion site is special AT-rich sequence binding protein 1 (SATB1), which is a long-range regulator of spi-1/PU.1 and its overexpression increased Spi-1/PU.1 expression (28). Spi-1/PU.1 is an Ets transcription factor with multiple roles during normal hematopoiesis (29) . It is essential for myeloid development, and its disruption can lead to a differentiation block of hematopoietic stem cells to common myeloid or lymphoid progenitors (30) . Even moderate decreases in Spi-1/PU.1 expression may contribute to development of myeloid leukemia and therefore its regulation is essential to prevent leukemogenesis (28) . F-MuLV insertion adjacent to SATB1 has the potential outcome of downregulating this gene and development of malignancy. In summary, we showed that F-MuLV induces myeloid leukemia in SCID mice. We identified a total of 15 proviral integration sites in F-MuLV-infected SCID mice, with some of them (myb, prmd16 and SATB1) known for inducing myeloid leukemia. These results indicate that F-MuLV-inoculated SCID mice, compared to CB17 controls exhibit an altered pattern of viral integration that leads to development of myeloid leukemia.
